The diversity of colonial types of Pseudomonas aeruginosa which may be encountered is described, together with a series of biochemical tests and the application of serological and pyocine typing which are of use in identifying atypical strains. These methods are particularly recommended for strains which do not form pigment. It is suggested that absence of pigment production even on special media does not preclude the possibility that a strain is P. aeruginosa.
INTRODUCTION
Members of the genus Pseudomornas are widely distributed in nature, but the only common human pathogen is Pseudomonas aeruginosa. In the clinical laboratory, therefore, the practical problem is to distinguish P. aeruginosa from other Pseudomonas species. The identification of typical strains of P. mruginosa presents no difficulty, but the variability of the characteristics of this organism was recognized even in early work, the occurrence of non-pigment forming strains being particularly emphasized (Blanc, 1923;  Cataliotti, 1935) ; Gaby & Free (1953) stressed the importance of recognizing such strains in clinical material. These now appear to be occurring more frequently in hospital practice (Darrell & Wahba, 1964) . It has been suggested that the use of antibiotics may favour their occurrence (Seligmann & Wassermann, 1947; Fujita, 1957;  Schneierson, Amsterdam & Perlman, 1960) . Whether the increase in atypical strains is a true one, or merely results from an increasing interest in the group, their importance is not limited to clinical material and workers in many fields are faced with the problem of identifying such strains. Many techniques have been described for enhancing pigment production (Turfitt, 1936;  Burton, Campbell & Rosenfeld & Appel, 1963) , but none has been widely used, mainly because of practical limitations on the number of different media routinely used in any laboratory. Pigment formation is usually not obvious on the blood agar used in clinical laboratories for primary cultures, and after overnight incubation may be absent. In practice, identification of P . aeruginosa is based initially on the characteristic colonial appearance and the typical smell. The variability of the former, in particular, is not generally recognized, and often identification is carried no further. In the present work, 1961 Pseudomonas strains from various sources were examined (Wahba, 1 9 6 4~) . A series of tests was developed, applied to 250 typical P. aeruginosa strains (producing pyocyanin and smelling of trimethylamine) and found to give uniformly positive results. These tests were then applied to all P . wuginosa from human sources not producing pyocyanin , provisionally identified by a positive oxidase test and oxidative utilization of glucose in Hugh & Leifson's medium, and also to a group of miscellaneous Pseudomonas strains from various sources. Six colonial variants were encountered.
METHODS

Organism.
The colonial appearances of 1961 Pseudomonas strains submitted for typing, or obtained from type culture collections and other sources, were examined; these were provisionally accepted as such on the grounds that they were oxidase-positive, motile, Gram-negative rods with oxidative use of glucose in Hugh & Leifson's medium. Among them 1899 cultures were identified as Pseudomonas aeruginosa on the grounds either of being typical (producing pyocyanin and smell) or, when possessing atypical characters, by means of the series of tests described below, The following 272 Pseudomonas strains were selected for the present study. (a) Six strains, each representing one of the different colonial types of P. aeruginosa, (b) 185 strains from human sources which did not produce visible pigment on stock nutrient agar after incubation at 37" for 24 hr and 2 days at room temperature. (c) A miscellaneous group made up as follows: (i) 9 strains of P. aeruginosa from various non-human sources (including a locust and a sample of barrier cream) ; (ii) 10 strains originally submitted under names other than P . aeruginosa, but thought as a result of our tests to be P. aeruginosa; (iii) 20 strains from human infections or environment submitted as P. m g i n o s a but found on testing to be other species of Pseudomonas and not further identified; (iv) (Haynes, 1951 (Haynes, , 1962 . Slopes were incubated in a covered tin immersed in a 43" water bath, thus ensuring that the actual temperature inside the culture tubes, as recorded growing at 37" were incubated at 22".
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by a thermometer in a blank tube, was in fact 42". Control cultures were also incubated at 37' and 22O.
Ozidation of potassium gluconate and production of slime within 3 days at 37" and 42'. A modification of Haynes' (1951) original technique was used. The medium was dispensed in 5 ml. amounts and every strain was inoculated in duplicate, one tube being incubated at 37' and the other at 42" (to investigate the possibility of combining three tests for identifying Pseudomonas aeruginosa). The cultures were not shaken during incubation. After incubation for 48 hr all tubes were examined for slime production by shaking. When slime was present, the cultures were then tested for reducing substances by adding half a 'Clinitest' tablet (Ames Co., Stoke Poges, Bucks, used for the estimation of sugar in urine) (Carpenter, 1961) . When slime was absent, the culture was divided; one half was tested for the presence of reducing substance and the other incubated for a further 5 days a t the appropriate temperature and re-examined. Strains not growing at 37" were incubated at 22".
Growth on 1 yo triphenyltetraxolium chloride in nutrient agar No. I (Selenka, 1958 plates were prepared, the upper layer containing 0.5 yo azocoll (hide powder coupled to a red azo dye). Sixteen strains were inoculated on each plate, incubated for 3 days and observed daily. The test was later performed by spotting melted azocollcontaining nutrient agar No, 1 on a basal layer of 2 yo agar in water and inoculating the solidified islets of medium with the strains.
Enhancement of pyocyanin poduction on a medium modified from Sierra (1957) and containing (g.) : Bactopeptone, 10; sodium chloride, 5 ; CaCl,H,O, 0-2; MgSO,. 7H,O, 0.1 ; agar, 18; distilled water to 1 1. Tween 80 solution, autoclaved separately, was added in a final concentration of 1 yo; pH 7*4. For comparative purposes, strains were also inoculated on nutrient agar No. 2 plates, as this medium improved the production of pyocyanin in some strains.
Production of pyocines (Hamon, 1956 ). This test apart from providing a means of typing Pseudomonas aeruginosa, appeared to give good results as a diagnostic procedure. Details of the procedure have been published (Wahba & Lidwell, 1963 ; Darrell & Wahba, 1964) ; briefly it consists of cross-streaking 12 indicator strains a t right angles to the strain to be tested which had been previously killed with chloroform vapour and removed with a microscope slide.
Slide-agglutination with a polyvalent Pseudomonas aeruginosa antiserum. This was made by mixing 14 monospecific sera (Wahba, 19643) . Individual sera were produced in rabbits using 14 different serotypes; these included 12 types described by Habs (1957), type 13 (Sandvik, 1960) and type 14 (Wahba, 1964a) . Saline suspensions made from overnight agar cultures were boiled for 2+ hr and injected into The identi$cation of atypical strains of Pseudomonas aerugimsa 333 rabbits in increasing volumes (from 0.1 to 2 ml.) on alternate days; the initial dose was given subcutaneously and the remainder intravenously in the ear vein. Strains for agglutination tests were taken from young cultures on nutrient agar plates or slopes (incubation 16 hr or less). When the strain appeared to be autoagglutinable or mucoid it was plated on other media, especially pyocine-typing medium (Wahba, 1968) , which decreased the formation of mucoid substance.
RESULTS
Colonial morphology. Six colonial types of Pseudomonas aeruginosa were observed. Their main features are summarized in Table 1 , which applies to colonies on nutrient agar No. 1 after incubation for 24 hr at 37O, except for type 6 (dwarf) where the period of incubation was 48 hr. Typical examples of the six types are shown in Plate 1 (figs. 1-6); Table 2 gives the incidence of the various types among 1090 human strains.
The classical metallic sheen (Wahba, 1964c) was seen only with types 1, 3 and 5 ;
it may occur as small 'plaques', not to be confused with phage plaques (Warner, 1950) . Mucoid cdonies rapidly lose water and flatten on the medium giving a contoured or map-like appearance. There is considerable instability of colonial form on subculture; this is particularly marked with the gelatinous type (Schultz, 1947) which tends to lose many characteristics, but retains its firm adherence to the medium. Growth requirements and biochemical reactions. The results obtained with the 185 Pseudomornas amuginosa strains not forming pyocyanin on nutrient agar No. 1 and isolated from human sources were all uniform and corresponded to the pattern of the first strain in Table 3 (i) which was also the pattern of typical pyocyanin-or pyorubin-producing strains examined in the preliminary stages of this work. The results obtained with the miscellaneous group of organisms are shown in Table 3 (i-iv). The performance in the various tests of the strains grouped according to their final identification is given in Table 4 .
Growth at 42'. Results given in Table 3 (i-iv) are for a single subculture as this is the usual routine in diagnostic laboratories. Although the test has been considered to be one of the most reliable features distinguishing Pseudomonas aeruginosa from other Pseudomonas species over 50% of the latter in our series were able to grow at this temperature on one occasion. They did not survive three subcultures (Haynes, 1962) but such a procedure would not be a practical routine test. Growth at 3 7 ' . While a temperature optimum of less than 37' is a strong indication that a strain is not Pseudomonas aeruginosa, the converse is not true. Table 4 shows that a high proportion of our other Pseudomonas cultures (45 of 62) also grew well at this temperature.
22-2
Oxidation of gluconate and slime production. This test proved more useful but is time-consuming ; four strains other than Pseudomonas aeruginosa (see Table 4 ) gave positive results. Performance of the test at 42" rendered it more specific for P. aeruginosa. Growth in the presence of cadmium sulphate ard orz tetrazolium media. These media were selective for Pseudomonas aeruginosa which, with very few exceptions, produced normal growth on both. Occasionally other Pseudomonas cultures also produced good growth but all other bacterial species were completely inhibited. In addition to its selective properties, cadmium sulphate medium enhanced fluorescin production by P. aeruginosa.
Production of proteinases. Gelatinase activity is shared by many other members of the Pseudomonas genus (Table 4) , and is of little differential importance. Marked collagenase activity is found only in strains of Pseudomonas aeruginosa; it was observed twice only among other Pseudomonas cultures and in both the reaction was very weak. A positive reaction is of value in identifying an organism as P. aeruginosa, but 3 of 19 strains were negative.
Enhancement of pigment production. One hundred and eighty-five strains (17 %) from a total of 1090 Pseudomonas aerugilzosa cultures isolated from human material did not produce pigment on nutrient agar No. 1 after overnight incubation followed by a period of 2 days at room temperature. Various pigment-enhancing media were tested. Table 5 shows the types of pigment produced by these 185 strains on nutrient agar No. 2 and on the modified Sierra medium finally adopted. Nutrient agar No. 2 which contains more peptone and meat extract than nutrient agar No. 1, gave appreciably better results, but 57 strains still did not show pigment, as against only 34 (3% of the total) on the modified Sierra medium. The latter has the added advantage of stimulating early pigment formation in nearly every case (i.e. after The identification of atypical strains of Pseudomonas aeruginosa 339 overnight incubation) whereas with nutrient agar No. 2 an appreciable number of strains still required incubation for 48 hr to show pigment production. When strains produced fluorescent pigment only, this was detectable on this medium under ultraviolet radiation, although no yellow-green colour was apparent to the naked eye.
Ultraviobt JEuorescence. The method of Lowbury, Lilly & Wilkins (1962) was used, but as will be seen from Table 3 , it did not distinguish Pseudomonas aeruginosa from P. Jlzcorescens.
Production of pyucines. Production of pyocines against a set of indicator strains provided additional confirmatory evidence that an organism is Pseudomonas aeruginosa. In a series of 1090 strains (Darrellk Wahba, 1964) , 7.6 % did not produce pyocines. However, strains of P. aeruginosa which do not type by both pyocine production and the serological method are very rare.
Use of polyvalent agglutinating serum. Of the series of 1899 strains of Pseudomonas aeruginosa, only 8,4 of which were 'R' forms, did not agglutinate. Cross-agglutination with P.$uorescens did not occur with the pooled polyvalent serum, and even with undiluted component sera, cross-agglutination was very infrequent. * Included here on the strength of their reactions with other tests described.
DISCUSSION
Williamson (1 956) stated that a single morphological description for Pseudomonas aeruginosa was inadequate. In the present paper, six colonial types are described and it is essential to be aware of this possible range of colonial forms if atypical cultures are to be correctly identified. We have used existing names for types previously described (Gaby, 1955; Kohler, 1958 ; Schultz, 1947) , typical colonies being designated smooth in spite of their matt surface, and the smooth variant, resembling the colonies of Enterobacteriaceae, being called the S-R (smooth-rough) type. Apart from these and the rough, mucoid and gelatinous types previously described, a new form, the dwarf type, is described. It requires 48 hr to produce visible growth and would be missed in many clinical laboratories. Variants commonly occur in one and the same culture (Zierdt & Schmidt, 1964) giving the false impression that different bacterial species are present. Mucoid colonies cause confusion, being usually non-pigmented, and resembling colonies of Enterobacter aerogenes and Klebsiella species, from which however, they may be distinguished by the Taylor & Whitby, 1964) , but both these tests establish only that the strain belongs to the genus Pseudomonas. The final differentiation of P. aeruginosa from other Pseudomonas species is a matter of considerable difficulty. The salient distinguishing feature of the species is the production of pyocyanin or pyorubin and to induce its formation by atypical strains probably remains the most satisfactory method of identifying these. For this purpose, the modified Sierra medium is the most efficient of those tested, with regard to the number of strains which produce pigment and to the rapidity of its appearance. The pigments produced also show a range of colours not fully appreciated in clinical practice in spite of the work by Gessard (1919, 1920) .
Agglutination by a polyvalent serum against Pseudomonas aeruginosa strains is a very specific test, but of less general application unless large-scale production of the sera became feasible.
In applying the other tests to a selected series of atypical strains, a different pattern of results was obtained with strains in which pigment production could be induced, from the pattern given by the majority of persistently non-pigmentforming strains. Pigment-producing strains grew on cadmium-and tetrazoliumcontaining media, produced collagenase and in the majority of cases also produced pyocines active against typing strains. They also had a higher temperature optimum and oxidized gluconate with slime production. This pattern of reaction also occurred in a small proportion of persistently non-pigment-forming organisms, constituting 3% of all Pseudomonas aeruginosa strains examined. The pattern appears to be specific for P. aeruginosa and we believe that such strains represent truly nonpigment-producing strains of this species. With some atypical strains it may be necessary to test all the eleven properties. The tests for growth on cadmium and tetrazolium media are the simplest and most likely to find routine application.
In conclusion, we recommend the following procedure to identify atypical Pseudomonas aeruginosa cultures. First, ascertain that the strain is a Pseudomonas ; this is done by examining shape and staining reaction: Gram-negative rod, test for motility by hanging drop: motile, except for mucoid strains, perform the oxidase reaction: immediate positive, test with Hugh & Leifson's medium: oxidative use of glucose and examine for arginase activity : positive. Then proceed with the tests which will prove the identity of P. aeruginosa: growth at 4Z0, at 37O, oxidation of gluconate or production of slime, production of pyocyanin or pyorubin on Sierra's modified medium, growth on tetrazolium and cadmium containing media, production of collagenase, fluorescence under ultraviolet radiation, production of pyocines and slide-agglutination with a polyvalent serum.
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